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a  b  s  t  r  a  c  t
This study  aimed  to  verify  the  inﬂuence  of  the  transport  in open  or closed  compartments
(0  h), followed  by  two  resting  periods  (1 and  3 h) for the  slaughter  process  on  the levels of
cortisol  as  a indicative  of stress  level.  At  the  slaughterhouse,  blood  samples  were  taken  from
86  lambs  after  the  transport  and  before  slaughter  for  plasma  cortisol  analysis.  The  method
of transport  inﬂuenced  in  the  cortisol  concentration  (0 h; P  <  0.01).  The  animals  transported
in the closed  compartment  had  a lower  level  (28.97  ng ml−1)  than  the  animals  transported
in  the open  compartment  (35.49  ng ml−1). After  the  resting  period  in  the  slaughterhouse,
there  was  a  decline  in  the plasmatic  cortisol  concentration,  with  the  animals  subjected  to
3  h  of  rest  presenting  the  lower  average  cortisol  value  (24.14  ng  ml−1;  P <  0.05)  than  animals
subjected  to  1 h  of  rest  (29.95  ng ml−1). It can  be  inferred  that the  lambs  that remained  3 h  in
standby before  slaughter  had more  time  to  recover  from  the  stress  of  the  transportation  than
those  that  waited  just  1 h.  Visual  access  to  the  external  environment  during  the  transport
of the  lambs  is a stressful  factor  changing  the level  of plasmatic  cortisol,  and  the  resting
period  before  slaughter  was  effective  in  lowering  stress,  reducing  the  plasmatic  cortisol  in
the lambs.
 . Introduction
The transportation of animals on highways is a very
mportant economic factor, because it can cause physi-
al, psychological and physiological stress in farm animals
Knowles, 1998), as well as deleterious effects on the
ealth, well-being, performance of these animals, and
nally, on the quality of the ﬁnal product (Von Borel, 2001).According to Knowles (1999) the loading, unloading and
he early stages of a journey proved to be the most stress-
ul aspects of animal transportation. Therefore, it is very
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important that these pre-slaughter management stages are
well conducted in order to minimize stress.
During transport, the stress caused by external view
from inside the cage, as well as the visual switching
between light and dark, in addition to external movement
from the activities related to the management and contain-
ment facilities, change the behavior and the reactivity of the
animals, as the evidences cited by Grandin (1997, 2000a,b).
Stress is a broad term that implies a threat to which
the body needs to adjust. The adjustment to stress induces
a broad range of physiological and behavioral changes
Open access under the Elsevier OA license.that allow for a rapid recovery or adaptation to the
change (Von Borel, 2001). Out of all the endocrine axes,
the hypothalamus–pituitary–adrenal axis has been widely
studied (Chackley, 1996; Nemeroff, 1996) and plays a key
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Table 1
Cortisol levels (ng ml−1) after transportation in open and closed cage truck
(0  h) and after resting period after transportation (1 h and 3 h).
Transport Resting period
0 h 1 h 3 h
Open 35.49 (±1.49)A 28.46 (±2.38) 24.86 (±2.61)
Closed 28.97 (±1.92)B 31.44 (±2.36) 23.42 (±2.13)
Mean – 29.95 (±1.69)a 24.14 (±1.68)b
Means are followed by Standard error means between parentheses. Dif-T.M.d.C. Leme et al. / Small R
role in response to internal and external stimuli, which
act as stressors, being its activation and the consequent
changes in plasmatic cortisol levels the ﬁrst responses from
an animal facing stressful conditions (Titto et al., 2010).
In situations of extreme stress, the values of cortisol can
double or quadruple (Grandin, 1994). After transportation,
cortisol levels increase, but after a waiting time in a resting
area, concentrations in blood decrease (Bórnez et al., 2009;
Tadich et al., 2009; Knowles et al., 1993, 1995).
The resting periods during long trips are considered as
the way of preventing the effects of food and water depri-
vation; however, according to the Scientiﬁc Committee on
Animal Health and Welfare of the European Union (2004),
short resting periods such as 1 h for example, are insuf-
ﬁcient and can even have negative effects on the animal
well-being.
The optimal resting period at the slaughterhouse after
transportation varies between 2 and 3 h, when the animals
settled down and consequently recovered from the stress
caused by the trip (Milligan et al., 1998; Van der Wal  et al.,
1997; Warris et al., 1998).
The goal of the present study was to evaluate the inﬂu-
ence of different types of transportation and resting periods
before slaughter in the stress level of sheep.
2. Material and methods
Eighty-six crossbred lambs of Dorper breed with Santa Ines breed
were studied and slaughtered with an average live weight of 35.0 ± 5.0 kg
and with an average age of 150 ± 20 days. The animals were divided into
four slaughter lots homogeneous, each lot containing 16, 17, 18 and 20
lambs. Slaughtering was  conducted between March and June of 2008.
The slaughterhouse was located 85 km away from the place of con-
ﬁnement and the transportation of the lambs was initiated after 6:00 a.m.,
with an hour and a half of duration, in a cage truck type with a density of
one  animal per 0.5 m2. Each cage had a divider in the middle making the
front part of it fully closed, with air circulation coming from the topside
of  the cage only and without external visual access to the environment.
The back portion of the cages presented two  cracks with 5 cm wide and
400 cm of length between the side boards, at the height of the animal head,
allowing visual access to the road, vehicles and other components of the
route.
For  the transportation study, each lot of animals was subdivided into
two  groups, one kept in closed cage and the other in open cage, in a total of
43  lambs in each cage truck type. After transport, blood samples were col-
lected when animals arrived at the slaughterhouse (0 h). Then, the same
animals of the transportation methods groups were subdivided again into
two groups, half for each of different resting periods before slaughter; 1
and 3 h rest (1 h: n = 43 and 3 h: n = 43). The resting area at the slaugh-
terhouse comprised an area of 36 m2, resulting in an approximate area of
2  m2 per animal. At the end of each resting period blood was collected for
the  determination of cortisol levels and lambs were slaughter.
Blood samples were taken through jugular venipuncture in Vacutainer
tubes containing sodium heparin and kept under refrigeration. Soon after,
these tubes were centrifuged for 15 min  at 3000 × g, at 4.0 ◦C, for the
plasma separation, which was then divided into fractions and frozen at
−20 ◦C. The DS-10-2000 ACTIVE kit was used for the immunoenzymatic
(EIA) cortisol dosing to assess the quantitative determination of cortisol in
plasma. The standard curve was determined using seven points with con-
centrations ranging from 5.0 to 60.0 ng ml−1. The results were read using
wavelength and ﬁlter at 450 nm,  with a sensitivity level of 0 ng ml−1. The
blood samples were collected as described by Campos et al. (2005), from
each animal immediately after the animals were unloaded.
Variables were evaluated through the PROC GLM and T-TEST pro-
cedure from the Statistical Analysis System©, version 9.1.3 (SAS, 1995)
software. The model used for the analysis of variance of the cortisol-
related variable is presented below, with a signiﬁcance level of 5%: when
interactions did not exist, a t-test was  done to compare pair of val-
ues. As the data did not show a normal distribution, the values wereferent capital letters on the same column indicate signiﬁcant difference
between treatments (P < 0.05). Different small letters on the same line
indicate signiﬁcant difference between treatments (P < 0.05).
subjected to log-transformation to obtain a normal distribution of the
values before statistical analysis. After analysis, data was returned to
original value to be presented.Model “a” : Yijkl = m + Ti + Ej + Gk + TEij +
TGik + EGjk + TEGijk + eijklwhere Yijkl = is the observed value for the vari-
able of cortisol in animal l in group size k in resting period of j, after the
transportation type i;  = constant inherent to all observations (mean);
Ti = effect of transportation type, where i = 1 (open) or 2 (closed); Ej = effect
of pre-slaughter resting period, where j = 1 (1 h) or 2 (3 h); Gk = effect
of  group size, where k = lot (15, 16, 17, 18 and 20 lambs); TEij = is the
effect of the interaction of the transportation type i with the resting
period j; TGik = is the effect of the interaction of the transportation type
i  with the group size k; EGjk = is the effect of the interaction of the pre-
slaughter resting period j with the group size k; TEGijk = is the effect
of  the interaction of the transportation i with pre-slaughter resting
period j with the group size k; eijkl = is the experimental error associ-
ated to the observed value for a variable of cortisol in animal l, in group
size k, in the resting period j, after the transportation type i, assuming
NID (0,  2e ).
3. Results
A signiﬁcant interaction between the transportation
method and the resting period was  not observed for the
cortisol (P = 0.07) and there is not a group size effect in the
study (transportation and resting period). Similarly, there
was no triple interaction between transportation, resting
period and group size (P = 0.09). Therefore the presentation
and discussion of the results were conducted separately for
transportation and resting period.
The method of transport affected signiﬁcantly the
plasmatic cortisol concentration after the transport as
described in Table 1.
Sheep transported in the fully closed part of the cage
presented lower cortisol concentrations (P < 0.01) when
compared to the concentrations observed in the ani-
mals transported in an open cage, demonstrating that
animals subjected to closed transport underwent less
stress.
After the resting period in the slaughterhouse there
was a decrease in the concentration of plasmatic cortisol,
with animals subjected to 3 h of rest presenting a lower
average for the plasmatic cortisol concentration (P < 0.01)
when compared to the animals subjected to only 1 h of
waiting.
4. Discussion4.1. Transportation
The increase in stress indicators such as cortisol is
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002). In this study’s situation the stress was caused by
he relative moving during the open transportation, with
ll the visual and moving events becoming perceptible by
he animals, such as the images along the path, other vehi-
les and buildings (Grandin, 1997, 2000a,b). The cracks in
he cages were as harmful to the comfort of the lambs as
re the fenced areas used in the stable and other areas of
arms management, with the use of boards interspersed by
pen spaces allowing the animal to be distracted or fright-
ned with shadows on the ﬂoor, and events or people in
he outside (Paranhos da Costa et al., 2002).
Heart rate in sheep increases during transport com-
ared to values when in a parked vehicle, indicating
n increase in stress with the movement of the vehicle
Baldock and Sibly, 1990). Evaluating the plasmatic cortisol
oncentration in lambs before and after transportation, it
as observed a signiﬁcant increase of 44% after the trans-
ort (Tadich et al., 2009).
The mean values observed for cortisol in this study are
onsistent with those found in literature, which is indica-
ive of stress (Hall et al., 1998), and the greater values found
or open transport can suggest that it is more stressful than
losed cage transportation.
.2. Resting period
The resting period after transportation is known to
e efﬁcient to decrease cortisol levels and consequently
ecover from the stress caused by the trip; however, the
ength of the resting period can be not enough to reduce
tress.
The stress measured from cortisol concentrations
ncreased signiﬁcantly during transportation and
ecreased during the resting time (Bórnez et al., 2009;
adich et al., 2009). According to Tadich et al. (2009) stress
aused by transport can be recovered after 10 h of rest;
owever Knowles et al. (1993) found that the values of
ortisol decreased after 6 h of rest followed by transporta-
ion of lambs for 14 h. In the present study 3 h of rest were
nough to decrease the cortisol levels obtained after 1 h
f transport, in agreement with González-Chávarri et al.
2001). On the other hand, after 1 day journey, 24 h of
est are required for the concentration of cortisol in sheep
lood to return to values near basal levels (Knowles et al.,
995).
The average plasmatic cortisol concentration in sheep
uctuates between 6 and 14 ng ml−1 (Encarnac¸ ão, 1989).
owever, some studies reported lower values of 20 ng ml−1
ithout imposing any kind of stress (Hargreaves and
utson, 1990; Minton et al., 1995). The lambs on this trial
howed higher cortisol levels, of those reported by these
uthors, showing stress condition after transport and 1 and
 h of rest. However, the concentration of 26.0 ng ml−1 was
stablished as the baseline of cortisol for lambs that have
ot undergone any kind of stress (Mellor et al., 2002), which
s similar to the value observed in the animals that rested
 h in the stable at the slaughterhouse. It can be inferred
hat the lambs that remained 3 h in standby before slaugh-
er had a longer time to recover from the stress of traveling
han those submitted to only 1 h of rest.t Research 107 (2012) 8– 11
5. Conclusion
Visual access to the external environment during the
transportation in open compartment is more stressful than
the closed, as veriﬁed by the changes in the plasmatic corti-
sol levels. The period of rest before slaughter was effective
in reducing the levels of cortisol, reﬂected by the decrease
in animal stress.
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